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(54) TUBE FOR MEDICAL USE 
(57)Abstract: 

PURPOSE: To provide the tube for medical use formed by utilizing a mechanochemical 
material which can increase a response speed as far as possible while the constitution is 
relatively simple. 

CONSTITUTION: A driving member consisting of the mechanochemical material 7 is 
provided along the longitudinal axial direction of a catheter 1. Electrodes 5, 6 having 



plural electrode parts in the direction approximately orthogonal with the longitudinal 
axial direction of the catheter 1 are provided in this driving member. An energization 
control circuit 9 for driving which energizes the driving member from the respective 
electrode parts is provided. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A medical tubing comprising: 

Two or more polar zone which meets in the direction which provides a member 
for a drive which consists of a mechanochemical substance in accordance with 
the direction of a longitudinal shaft of a tube, and abbreviated-intersects 
perpendicularly with this member for a drive in the direction of a longitudinal 
shaft of said tube. 

An energization control means for a drive energized from said each polar zone 
to a member for a drive. 

[Claim 2]The medical tubing according to claim 1 , wherein said two or more polar 
zone is wound around a member for a drive which is formed in a coiled form and 
consists of said mechanochemical substance, respectively. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 



[Industrial Application]This invention relates to the medical tubing which 
constituted the driving means which changes using a mechanochemical 
substance. 
[0002] 

[Description of the Prior Art]Conventionally, in medical tubings, such as an insert 
portion of an endoscope, and a catheter, the thing of the method which 
incurvates the insert portion using a mechanochemical substance is known 
( J P, 1-320068, A). This performs operation which curves the portion of the insert 
portion of a medical tubing by allocating the member which consists of a long 
mechanochemical substance along the shaft orientations of an insert portion, 
making the long picture member which consists of this mechanochemical 
substance cause a mechanochemical reaction, and contracting or expanding it. 
[0003]As a means to control the mechanochemical reaction of this 
mechanochemical substance electrically, an electrode is provided in the both 
ends of the member which consists of that long picture mechanochemical 
substance, and voltage is impressed. 

[0004] 

[Problem(s) to be Solved by the lnvention]By the way, although the driving 



means of this kind and a medical tubing impresses voltage to inter-electrode 
[ which was attached to the both ends of the member which consists of a 
mechanochemical substance ], makes a mechanochemical reaction cause and 
the contraction about that whole member or extension is made to perform, 
generally that mechanochemical reaction is small. Since especially the reaction 
about the mechanochemical substance of a portion which is separated from the 
electrode in the both ends of said member is quite slow, its reaction velocity per 
unit volume of the mechanochemical substance accompanying voltage 
impressing is small. Therefore, quick responding operation shall have been hard 
to be expected. 

[0005]This invention was made paying attention to said technical problem, and 
in the medical tubing using the mechanochemical reaction of the 
mechanochemical substance, there is a place made into the purpose in raising 
speed of response, though it is comparatively easy composition. 
[0006] 

[Means for Solving the Problem and its Function]The invention according to 
claim 1 provides a member for a drive which consists of a mechanochemical 
substance in accordance with the direction of a longitudinal shaft of a tube, It is a 



medical tubing with an energization control means for a drive which equips this 
member for a drive with two or more polar zone which meets in the direction 
which abbreviated-intersects perpendicularly in the direction of a longitudinal 
shaft of said tube, and is energized from said each polar zone to a member for a 
drive. 

[0007]Since a member for a drive which consists of a mechanochemical 
substance is equipped with two or more polar zone which meets in the direction 
which abbreviated-intersects perpendicularly in the direction of a longitudinal 
shaft of said tube and it energizes from each of that polar zone, speed of the 
increase of an impression energizing amount per unit volume and a 
mechanochemical reaction increases. 

[0008]The invention according to claim 2 is the medical tubing which formed said 
two or more polar zone in a coiled form, respectively, and wound this around a 
member for a drive which consists of said mechanochemical substance. 
According to this, composition of providing two or more polar zone becomes 
easy. 
[0009] 

[Examplej Drawing 1 thru/or drawing 2 s how the 1st example that applied the 



medical tubing of this invention to the catheter 1. As (a) of drawing 1 is shown, 
this catheter 1 consists of the wrap envelope 4 the flexible container liner 3 and 
this which form the channel 2. 

[0010]The mechanochemical actuator 8 which becomes a periphery of the 
container liner 3 in this catheter 1 from the mechanochemical substance 7 as a 
member for a drive arranged in the tabling gap of the two Kushigata electrodes 5 
and 6 and the Kushigata electrodes 5 and 6 of those is allocated. The 
mechanochemical actuator 8 is densely covered by the envelope 4, as drawing 2 
shows. And this mechanochemical actuator 8 is a range which especially needs 
the curving operation of the catheter 1, and is arranged, for example over each 
side portion of one side, both sides, or four directions. 
[0011]As (b) of drawing 1 shows, ctenidium 6a-- opens an interval with ctenidium 
5a- which forms the polar zone, and the two Kushigata electrodes 5 and 6 gear 
mutually. And the mechanochemical substance 7 is allocated in this gap, and 
this Kushigata electrodes 5 and 6 and mechanochemical substance 7 are 
formed in plate-like [ of one sheet ] as (c) of drawing 1 shows. 
[0012]lt is allocated in accordance with the direction to which ctenidium 5a- 
which forms each polar zone, and ctenidium 6a- cross at right angles in the 



direction of a longitudinal shaft of said catheter 1. 
As the mechanochemical substance 7, they are the ctenidiums 5a, -, 6a of the 
two Kushigata electrodes 5 and 6. - Between is moved in a zigzag direction 
what is called in the shape of zigzag. 
The Kushigata electrodes 5 and 6 and the mechanochemical substance 7 are in 
the state of sticking mutually and flowing electrically. 
[0013]The poly 2-acrylamido-2-methyl propane sulfonic acid (PAMPS) which 
carried out the bridging as said mechanochemical substance 7, for example, It is 
formed from polymers electrolyte gel with electric charges, such as 
polymethacrylic acid (PMAA), said both mixture, polyacrylic acid, sodium 
polystyrene sulfonate, Polly 4-vinylpyridine (P4VP) and the fourth class ghost of 
its, agar, alginic acid, collagen, and gelatin. 
[0014]The energization control means 9 for a drive which consists of a power 
supply, a switch, etc. is connected to the two Kushigata electrodes 5 and 6 
through the leads 9a and 9b. This energization control means 9 is formed in the 
hand side of the catheter 1 . The leads 9a and 9b are allocated between the 
container liner 3 and the envelope 4. 

[0015]Next, an operation of said medical catheter 1 is explained. First, this 



catheter 1 is inserted for example, into the blood vessel. If the energization 
control means 9 by the side of a hand is operated and voltage is impressed 
between the two Kushigata electrodes 5 and 6 to change direction of the portion 
of the inserted catheter 1 into the upper part at this time, direct current voltage 
will be impressed to the mechanochemical substance 7 between the Kushigata 
electrodes 5 and 6. 

[0016]Then, the mechanochemical substance 7 emits water and contracts. If a 
shrinking action in case this mechanochemical substance 7 is polyanion gel 
material is explained concretely, The hydrogen ion in the gel moves to the 
cathode side with the water of hydration, receives an electron from the electrode 
section, and serves as a hydrogen content child (2H + +2e - ->H 2 **). 
[001 7]OH - generated by disassembly of water gives an electron with an anode, 
and becomes an oxygen molecule (H 2 0->H + +OH - , 20H->H 2 0+(1/2) 0 2 **+2e 
- ). The water molecule is contracted shifting to the cathode side and emitting 
water from the cathode side also by electroendosmose. 
[0018]Thus, the mechanochemical substances 7 are the ctenidiums 5a, --, 6a of 
the two Kushigata electrodes 5 and 6, as (d) of drawing 1 shows, since water is 
emitted and it contracts. - The distance of a between is shortened, respectively. 



For this reason, the flexible container liner 3 of the catheter 1 curves to a bow in 
accordance with the direction of a longitudinal shaft of the catheter 1 by the 
so-called principle of bimetal. If energization is stopped, since the 
mechanochemical substance 7 will be in a non-energization condition, it will 
return to the linear position of the origin which absorbed water and swelled. 
[0019]lf it energizes to the mechanochemical substance 7 of the 
mechanochemical actuator 8 in the direction of it to curve to other direction, the 
direction can be incurvated by the same principle as having mentioned above. 
[0020]According to the mechanochemical actuator 8 of said composition of 
having arranged the mechanochemical substance 7 in between of ctenidium 
6a-, with each ctenidium 5a- which carries out a deer and forms the polar zone. 
Since each polar zone exists in accordance with the direction which intersects 
perpendicularly in the direction of a longitudinal shaft of the catheter 1 to the 
mechanochemical substance 7 and the distance between the mechanochemical 
substances 7 is contracted, the speed of the increase of the impression 
energizing amount per unit volume and a mechanochemical reaction increases, 
and the response of driving operation improves. 
[0021] Drawing 3 thru/or drawing 4 s how the 2nd example that applies the 



medical tubing of this invention to the insert portion 11 of an endoscope. 
Although the mechanochemical actuator 12 in this case is shown in drawing 3 , 
this makes the two coiled electrodes 14 and 15 the periphery of the member 13 
for a drive which consists of a mechanochemical substance of the shape of a 
transparent rod at a two-section volume at the same direction which does not 
cross mutually. 
[0022]Each of the periphery to which each of these electrodes 14 and 15 are 
mutually equivalent forms two or more polar zone arranged in the direction which 
abbreviated-intersects perpendicularly in the direction of a longitudinal shaft of 
said member 13 for a drive. That is, the polar zone of each electrodes 14 and 15 
arranged in the direction which abbreviated-intersects perpendicularly in the 
direction of a longitudinal shaft of the member 13 for a drive sets a 
predetermined interval, respectively, is arranged by turns, and is making the pair 
mutually. The polar zone of the electrodes 14 and 15 is in the state of sticking to 
a mechanochemical substance and flowing electrically. 
[0023]An energization control means for a drive which was mentioned above 
although not illustrated to these electrodes 14 and 15 is connected, and it can 
energize now between said electrodes 14 and 15 by that energization control 



means. 

[0024] Up-and-down couple allocation of the mechanochemical actuator 12 
constituted in this way is carried out in the bend 16 in the insert portion 11 of an 
endoscope, and the front-and-back-ends portion is attached fixed at least to the 
storage room 17. 

[0025]The member 13 for a drive which consists of a mechanochemical 
substance of the shape of a transparent rod of this mechanochemical actuator 
12 is used as a part of light guide of an endoscope. That is, while making the 
apical surface of the insert portion 11 face the tip of the transparent member 13 
for a drive as drawing 4 shows, the back end of the member 13 for a drive is 
connected to the back light guide 18, and the illumination light is introduced from 
it. The object lens 19 which leads to the image guide which is not illustrated is 
formed in the apical surface of the insert portion 11 of an endoscope. 
[0026]Direct current voltage is impressed to the electrodes 14 and 15 of the 
mechanochemical actuator 12 which carried out the deer, and operated and 
chose the energization control means for a drive as mentioned above. Then, it 
energizes to the mechanochemical substance portion between each polar zone 
arranged in the direction which abbreviated-intersects perpendicularly in the 



direction of a longitudinal shaft of the member 13 for a drive, respectively. And 
while each portion of each mechanochemical substance emits water, 
respectively and contracts, the longitudinal shaft lay length of the member 13 for 
a drive is reduced. For this reason, the bend 16 in the insert portion 1 1 curves to 
a bow in accordance with the direction of a longitudinal shaft at that 
mechanochemical actuator 12 side that operated. If energization is stopped, 
since the mechanochemical substance of the mechanochemical actuator 12 will 
be in a non-energization condition, it will return to the linear position of the origin 
which absorbed water and swelled. 

[0027]lf it energizes to the mechanochemical substance of the 
mechanochemical actuator in the direction of it to curve to other direction, the 
direction can be incurvated by the same principle as having mentioned above. 
[0028]Even if it is in the composition of this example, each polar zone exists in 
accordance with the direction which intersects perpendicularly in the direction of 
a longitudinal shaft of the insert portion 11 to a mechanochemical substance, 
and a mechanochemical substance is divided into two or more portions by the 
meantime. And since the distance between each portion of a mechanochemical 
substance is contracted, the speed of the increase of the impression energizing 



amount per unit volume of a mechanochemical substance and a 
mechanochemical reaction increases, and the response of driving operation 
improves. Drawing 5 thru/or drawing 7 s how the 3rd example that applies the 
medical tubing of this invention to the insert portion 22 of the endoscope 21 for 
blood vessels. 
[0029]Dr awing 7 shows the endoscope 21 for blood vessels concerning this 
example, and its circumference system. The insert portion 22 of the endoscope 
21 becomes considering that tip end part as the bend 23, and this bend 23 is 
made to carry out a curve drive with the mechanochemical type actuator as a 
driving means mentioned later. 

[0030]The hand part 24 is formed in the end face of the insert portion 22, and the 
eye contacting part 25 provided in this hand part 24 is equipped with the TV 
camera head 26. The TV camera head 26 is connected to the television monitor 
29 from the camera control unit 28 via the signal cable 27. 
[0031 ]The universal cord 31 is drawing from said hand part 24, and this 
universal cord 31 is connected to the light equipment 33 for lighting by the 
connector 32 provided at that tip. The cable 34 is drawing from the connector 32 
and the curving operation device 36 is connected with the power supply unit 35 



through this cable 34. The operating bar 37 is formed in this curving operation 
device 36, and control which chooses the direction in which the bend 23 in said 
insert portion 22 curves is performed by operating this operating bar 37. 
[0032]As drawing 5 shows, inside the bend 23 in said insert portion 22, the 
storage rooms 38 and 39 of the long up-and-down couple are allocated along 
with the longitudinal direction of the insert portion 22. And in each of this storage 
room 38 and 39, the mechanochemical actuators 41 and 42 as a curve driving 
means are incorporated, respectively. That is, inside each of these storage 
rooms 38 and 39, the members 43 and 44 for a curve drive which consist of 
mechanochemical polymer gel of the shape of a long rod along with the 
longitudinal direction of those storage rooms 38 and 39 are stored fixed. 
[0033] Making into a two-section volume the electrodes 45 and 46 which become 
a periphery of the members 43 and 44 for a curve drive from two conductive coils 
like the case of said 2nd example, each of those electrodes 45 and 46 form two 
or more polar zone arranged in the direction which abbreviated-intersects 
perpendicularly in the direction of a longitudinal shaft of said members 43 and 44 
for a drive. That is, each polar zone of each electrodes 45 and 46 arranged in the 
direction which abbreviated-intersects perpendicularly in the direction of a 



longitudinal shaft of the members 43 and 44 for a drive constitutes what is called 
a supercoil-like electrode, as a result of setting a predetermined interval and 
being arranged by turns. The polar zone of each electrodes 45 and 46 is 
attached in the state of sticking to the periphery of the members 43 and 44 for a 
curve drive which consist of a mechanochemical substance, and flowing 
electrically. 

[0034]An energization control means for a drive which is mentioned later is 
connected to each electrodes 45 and 46. This energization control means 
connects the lead 47 to one electrode 45, the lead 48 is connected to the 
electrode 46 of another side, and each lead 47 by the side of that cathode is 
connected to the selection side normally opened contacts a and b of the switch 
49. Each of other lead 48 is connected to the contact common c which leads to 
each electrode 46 by the side of an anode in common. 
[0035]And the mechanochemical actuators 41 and 42 which DC power supply 
50 impress are chosen by operating the switch 49 with the curving operation 
device 36, and choosing the closed points of contact a and b. The curving 
operation device 36 which performs this switching operation may be formed near 
[ hand part 24 ] the endoscope 21. 



[0036]The pockets 38a and 39a which were open for free passage to the storage 
rooms 38 and 39 are formed in the cathode side edge part of each of said 
storage rooms 38 and 39. This pocket 38a and the portion of each lead 47 within 
39a are constituted so that it can expand and contract easily in accordance with 
the direction of a longitudinal shaft of the insert portion 22 meanderingly. 
[0037]lf a deer is carried out, the mechanochemical actuators 41 and 42 
energized with the curving operation device 36 are chosen and it energizes to 
those electrodes 45 and 46, those members 43 and 44 for a curve drive will 
contract in an operation which was mentioned above, and the bend 23 will be 
curved to this direction. The emitted water flows in in the pocket 38a of the 
storage rooms 38 and 39, and 39a. 

[0038]Since the electrodes 45 and 46 were looped around the periphery of the 
members 43 and 44 for a curve drive which consist of mechanochemical rod-like 
polymer gel in the shape of a supercoil, energization is made simultaneously 
separately and water is emitted to the portion of the mechanochemical polymer 
gel between each of that adjacent polar zone from each of that portion. Thus, 
since the whole members 43 and 44 for a curve drive water [ from ] can be made 
to emit simultaneously, a response becomes good. 



[0039] Drawing 8 thru/or drawing 9 s how the 4th example of this invention, and 
transforms the composition of the mechanochemical actuators 41 and 42 in said 
3rd example. Namely, the mechanochemical actuators 41 and 42 have the 
members 43 and 44 for a curve drive which consist of mechanochemical 
polymer gel of the shape of a long rod along with the longitudinal direction of the 
storage rooms 38 and 39 which store it, While winding the electrode 51 which 
becomes a periphery of this from one conductive coil, the electrode 52 which 
consists of conductive coils along with a longitudinal direction is formed in the 
inside of the members 43 and 44 for a curve drive. Other composition is the 
same as the thing of the 3rd example mentioned above. 
[0040]ln order to form two or more polar zone in the members 43 and 44 for a 
curve drive which it becomes from a mechanochemical substance also in this 
composition in the direction which abbreviated-intersects perpendicularly in that 
direction of a longitudinal shaft and to arrange the coiled electrodes 51 and 52 
within and without especially, Energization is made simultaneously separately 
and water is emitted to the portion of the mechanochemical polymer gel between 
each of that adjacent polar zone from each of that portion. Thus, the whole 
members 43 and 44 for a curve drive water [ from ] can be made to emit 



simultaneously. For this reason, a response becomes good. 
[0041]They may be the mechanochemical actuators 41 and 42 as show the 
electrode 53 provided in the periphery of the members 43 and 44 for a curve 
drive which consist of mechanochemical polymer gel of the shape of a long rod 
in this case by drawing 10 f ormed from the conductive coil of mesh state. 
[0042]This invention is not limited to the thing of each example mentioned above, 
for example, many things are boiled also about the shape of said electrode for 
energization, and a thing can be considered. These can be chosen and used 
although there are various things to which the characteristic of contracting or 
expanding becomes reverse with the existence of energization, impression 
polarity, etc. also about a mechanochemical substance. 
[0043] 

[Effect of the lnvention]As explained above, according to this invention, the 
member for a drive which consists of a mechanochemical substance in 
accordance with the direction of a longitudinal shaft of a tube is provided, Since it 
has two or more polar zone in the direction which abbreviated-intersects 
perpendicularly with this member for a drive in the direction of a longitudinal 
shaft of said tube and was made to energize from each of this polar zone to said 



member for a drive, a mechanochemical reaction is individually performed in 
each of each portion of the mechanochemical substance divided into plurality 
between each polar zone. For this reason, the speed of the increase of the 
impression energizing amount per unit volume of a mechanochemical substance 
and a mechanochemical reaction increases, and the speed of response of 
operation of that medical tubing can be raised. If said two or more polar zone is 
constituted from a coiled electrode, the composition of providing two or more 
polar zone will become easy. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] As for the perspective view turning off some medical catheters 
concerning the 1st example of this invention and in which lacking and showing 
them, and (b), in (a), the top view of the portion of the mechanochemical actuator, 
(c), and (d) are the sectional views of the portion of the mechanochemical 
actuator. 

[Drawing 2] Drawing of longitudinal section of an important section [ in / similarly / 
the 1st example of this invention ]. 

[Drawing 3] The perspective view of the mechanochemical actuator used for the 
endoscope concerning the 2nd example of this invention. 



[Drawing 4] The perspective view of the insert portion of the endoscope 
concerning the 2nd example of this invention. 
[Drawing Sj The explanatory view of the composition of 1 set of 
mechanochemical actuators used for the endoscope as the 3rd example of this 
invention. 

[Drawing 6] The perspective view of the mechanochemical actuator used for the 
endoscope as the 3rd example of this invention. 
[Drawing 7]The explanatory view showing the rough composition of the 
endoscope as the 3rd example of this invention, and the system of the 
circumference of it. 

[Drawing 8] The perspective view of the mechanochemical actuator in the 4th 
example of this invention. 

[Drawing 9] The rough explanatory view of the bend which uses the 
mechanochemical actuator in the 4th example of this invention. 
[Drawing 10] The perspective view showing the modification of the 
mechanochemical actuator in the 4th example of this invention. 
[Description of Notations] 

1 [ - The Kushigata electrode, 7 / -- Mechanochemical substance, ] - A catheter, 



3 - A container liner, 4 -- An envelope, 5, 6 8 - A mechanochemical actuator, 9 
-- An energization control means, 9a, 9b - Lead, 11 --An insert portion, 12 ~ A 
mechanochemical actuator, 13 -- The member for a drive, 14, 15 [ -- An insert 
portion, 23 / - A bend, 41 , 42 / - A mechanochemical actuator, 43, 44 / - The 
member for a curve drive, 45, 46 / - An electrode, 47 / ~ A lead, 48 / ~ A lead, 
49 / ~ A switch, 51 , 52 / - Electrode. ] - An electrode, 16 ~ A bend, 21 - The 
endoscope for blood vessels, 22 
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